An analytical model is developed for assessment of the steady-state temperature distribution in a wheel undergoing heating in contact with the rail and the brake shoes as well as nonuniform cooling in its periphery. The heat partitioning coefficients in the rail and the brakeshoe contacts with the wheel are incorporated in the model. These heat-partitioning coefficients can be used to evaluate the temperature field in the wheel and the brake shoes. It is shown that the wheel contact temperature is confined to a very thin depth within the surface layer (approximately 6% in the radial direction), but the rest of wheel is at the bulk temperature.
INTRODUCTION
When a brake is acted upon, the kinetic energy of the moving mass transforms into thermal energy. The heat thus dissipated between the brake pad and the rotor conducts into each body according to what is generally referred to as the heat-partitioning factor. The knowledge of heat partitioning -or the division of heat into the stationary and sliding body-as well as the resulting temperature fields in the friction pair are important in the design of machine elements. Fundamental research on the nature of the partitioning factor was first reported by the Blok and Jager in connection with the original work on the flash temperature concept [1, 2] . Additional information regarding partitioning factors for different types of friction contact are available from references [3, 4] .
In railway wheels the contact patch undergoes additional heat loss by means of convection, induced by the wheel rotation. Thus, the wheel surface is exposed to a successive heating and cooling. This type of a heat transfer problem-the repetitive cooling of a cylinder exposed to heating and cooling on different regions of its outer radius-has received considerable attention in the existing literature because it is significance in a variety of applications. For example, Ling [5] derived an expression for the temperature solution in a cylinder subject to cooling and heating using the so-called quasi-steadystate approach. Ertz & Knothe [6] performed a comparison study of the analytical and numerical methods for the calculation of temperatures in wheel/rail contact. The friction heat distribution between a stationary pin and a rotating disc was studied by Yevtushenko et.al. [7] , and Kar & Bahadur [3] . Patula [8] provided solutions for a cylinder subjected to cooling and heating on a part of its surface, but insulated on the research of the body. Ulysse & Khonsari [9] derived an analytical solution for the temperature distribution in a roller subject to surface heating and nonuniform cooling.
In this paper, we present an analytical solution for the temperature distribution in a wheel subject to surface heating by rolling contact in the rail, heating by the action of the brake shoes, and nonuniform convective cooling with particular attention to zonal heat partitioning factors. .
MODELING AND SIMULATIONS
A schematic of the model is shown in Fig. 1 . The wheel is considered to be a short rotating cylinder subject to heating by rolling and sliding friction and nonuniform convective cooling at arbitrary angles (β) along the circumference as shown in Fig. 1. . Assuming that the entire frictional power is dissipated into heat, the heat conducting into the rail and the wheel are: Simulations show that over 80 % of heat generated at the wheel/rail interface flows directly into the wheel. This partitioning coefficient undergoes a very slow reduction with increasing the relative heat flux, while the heatpartitioning coefficient (ε 2 ) for wheel/right brake shoe contact remains constant and the partitioning coefficient for left brake shoe contact (ε 3 ) increases.
The partitioning heat coefficients show indirectly the thermal load for the wheel, the brake shoe and the rail. The knowledge of these coefficients allows one to calculate the temperature field in the brake shoe. In situations where the partitioning heat coefficients ε 2 or ε 3 tend to 1-as in the results shown here-it can be deduced that the brake shoe 2 or 3 practically behave as a thermal insulator, implying that the entire heat generation directly conducts into the wheel. The maximum temperatures at the brake shoe/wheel interface can reach severely high values, hence affecting the material's thermal strength. Given that the thermal penetration is confined to a small layer near the wheel surface, plastic induced thermal deformation and wear are likely to occur in these applications. Therefore, performance of a wheel/brake system, its durability, and safety are strongly influenced by the thermal field.
CONCLUSIONS
The wheel contact temperarure is confined to a relatively small layer near the surface. This temperature can be greater or smaller that the central temperature of the wheel. These temperature differences are accentuated when the brake shoes do not have a similar efficiency (inequal friction). The maximum temperature occurs towards the exit of the heating contact for the left or right brake shoe. Since the thermal penetration depth is very small, thermally induced plastic deformations in the wheel are restricted to a very thin surface layer. Therefore, the maximum temperature surface wheel can be used as a parameter to assess wear of the wheel and brake shoes.
